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GENERATION OF DC VOLTAG-E FOR 4 GORONA MEASURING D@VICE

X f'j “r
_umma,:y_ The conditions prevailing ir *q large-~scale experimental Mee for power
deiﬁrmmg ‘Hn SALE sire ments for

tranamiesion with high-voltage DC shéw the- N I
ou ¢ QY

8 DC corona measuring device. The voltage should be @mf-hoo kV against ground,

with a direct current of at least 50 mA. The ripple of the DC voltage should be no

nts for voltage and current ﬁ

more than 5%,

For generating g# DC voltage with mechanical rectifiers s five different circuits
were investigated, using the 500 kV transformers of ;Q three-phase current measuring
device, Of these five circuits, the Greinmacher circunit proved to be the most suitable.
It supplies E@—%&L 100 mA wi%lf a two-phase ripple of #x¥ 2. 5%, so that no smoothing is

required.

Introduction: The three-phase corona reasuring device to be delivered by TRO to
MfK is to be expanded by the inclusion of a DC measuring device. Three single~phase
bransformers with a voltage of 500 kV and an oupputk of 250 kVA are to be used,

The report below investigates the possibilities of generating DC veltage and

determines the most suitable eircuit by mathematical means,

T

Approved For Release 2002/01/16 : CIA-RDP83-00415R004400020008-2



Approved For Release 2002/01/16 : CIA-RDP83-00415R004400020008-2

SECRET

1, Specifications for the DC voltage

et s RO N.

Magni? u&e wf
_:Ia_llm of the DC voltage: The large-scale experimental set’ for power trans-—

mission with high-voltage DC and mercury vapor{ rectifiers has a transmission voltage

of 220 kV against ground. The blockir;é :jo‘lstaige ;equires the placing in series of two
rectii'iqrs{ In order to render kxwkfirimg arcback harmless, a third rectifier must

be connected in series, These difficulties will probably prevent the transmission voltage
from being increased during the next few ;vears. It is thus sufficient to carry out

corons measurements with a maximum DC veltage of LOO kV ageinst ground.

ng“ DC Power: According to corona measuremants performed, the losses with three-phase

stranded
current in butled or hollow conductors amount to 150 kW/km or 50 kW/km per phase,

For a DC experﬂ.ﬁenta.l line of 400 m length, a maximum loss current of 50 mA is assumed.
At 100 kV, the loss power amounts to 20 kw400 m or 50 kW/ km per phase,

1,3) Ripple of the DC volbhge: The permissible ripple is alec contingent on the con-
ditions of power transmis#ion with high-voltage DC. The three-phase bridge circult,

grounded on one side, supplies a DC veltale with six-phase ripple. The effective

transfdrmer voltage of the trammmissicn device is UT = 98 kV., The peak value of the

- uTrr-zz,o;cv.

A—cﬁording éq‘gge six—phase ripple, the igmtlon period is 60° +The DC voltage decreases

{ To vt t‘&hf)l’

to the reversinghpo int &e st

Ugogn™ 240 sin6® = 208 V.

The DC voltage has a mean value of
Ug = 2,34 Ug = 230 kV,
The ripple of the unsmoothed DC voltage 1s

(240 ~ 208) 100 _ "%

2 x 230
In power transmission, the DC voltage is smoothed by a

DC voltage is

g:choke o« S‘Henw, in series with

the cable capacitance. With the xmxkifiwrm grid control of the rectifiers between o°
A o
and 30°, the ripple will be 1.2 to 3%. )m i‘irst approximation, the R AC component will

eorrespond to an effectilve voltage of

~ 208
Uy = ) % 11,3 KVgpp

at a frequefpprofedorcRelease 2002/01/16 : CIA-RDP83§E€W400020008-2
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At the effective vaiue, the ripple of the unsmoothed DC voltage is

11 x 100 -

According to this, it will be desirable to keep the ripple of the DC voltage of the

corona measuring device helow 5%.

2. Selection of the Cigﬂit ﬂ:gqr Generation of the DC Veltaw.gg

When using tungar tubes for generstion of the DC voltage, several tubes would

have to be connected in series, because of the high blicld;ng voltage. This cannot be
&y cirewt s
accomplished without potent.ial control. The heat% of the tubes would be expensive,

at
since 21l tubes would be yf\ different potentisl, The required power 1s also difficult

to obtain with tubes. Mechanical rectifiers are thus more suitable as valvo arrays.

The TRO has developed a mehﬁanieal rectifier in which the blécking voltage im of

.}
iove 'n
500 kV is divided over 11 ba.lls of 50 mm diameter, The contact is accomplished by s K

enlica

@)10 % balls'ﬁ betweon theel,.‘ balls (?n card‘ﬁoard_:'j One rectifier con-

sists of two valve arrays, displaced electrically by 180°,

Only those eircuits can be used ﬂnncth:m:k with the mechanical rectifier/which

_permit the rec?ifier to be grounded. Otherwise the drive motor would have to be supplied
thiewghm iso/a 119

A multig-stage multiplication circuit is not required, since the voltage qor itl}g
testing transformere, Up = 500 kV off » 13 sufficiently high, and since the bloecking o0 I\
the mechanical rectifier is adequate. For voltage regulation, a multiplication circuit
would be unfavorable, The testing transformers are equipped with d regulatirs. In
the case of voltage multiplication, the great control discontinuities in the DC voltage

: :\h‘h & l’bx\ VLM e

would require the aﬁﬁ“g"'ﬁr Tonpvtant eon‘rol devices.
Because of the transformer utilization;z;ndf the line load, only those circuits can
- yse ’
be considered which utddme both half-waves of the transformer voltage. The centar-tap
ceireuit supplies a DC voltage wlich is too low. Full utilization of the transformer
voltage can be accomplished only with bridge circuits. These circuits, however, re-
quire four or six valve arrays, whiig the ordinary doubling circuits require only two

valve arrays. The following eircuits are thus to be investigated:

5
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Three-phase bridge cirecuit
Single-phase bridge circuit
Villard circuit

Greinacher cireuit

3¢ The Villard circuit with ball _rectifier

3 ,12 Voltages

The Villard circult doubles the transformer voltage (cf. Fig. 1). One half;uam
| ' clher

of the transformer voltage (Fig. 2) loads condenser C;, through valve V1. The
8203 half-wave brings the DC condenser Cg to the sum of the voltages of the load
condenser C;, and the dransformer, through valve Y.
Peak voltage of the DC.:
x Ug~228Tff-500kV

Up = 500/( 2/ 2) = 250 k¥,

be able to withstand ,

As shown in Fig.2, each valve array must Ao a blocking voltage double the peak value
of the transformer, i.e. 500 kV.

3'ep
The testing transformers have mbags control

10 kveﬂ. The control discontimuity in the DC voltage is thus
U =2\42 x 10 = 28,3 kV.
The ripple of the DC voltage is singlc-—phase (Fig.2),
the vee 1eSuy / '['.,f ‘
,,%9 - grounding ﬁom side of, transfome_ and rectifier ;B\favorable/i As the drawing of
the potentials (Fig.2) shows, the DC condenser Cg 18 loaded only once during each
peried, eso that a large condenser is required. A disadvantage of this cir;uit lies in
1Al

the fact that the load condenser must be insulated against ground ﬁ{ the pot.ential

of the transformer, pha.aa,

3,2) Dimemsions of the tran$formers
bui Ids up across
The peak value of the DC voltage, =00 kV ate ,Qf{ﬁ"“ % the DC condenser Cg. The

load condenser GL must be dimensioned for the peak value of the transformer voltage
of 250 kVpay and must be insulated against ground for 250 KV ax
The highest corona current at a DC voltage of 500 kV is to be 50 mA (see above),

With three—phase bridge circuit the voltage fluctuates by 30 kV. A4 fluctuation of

30 KV per perjigad dgectdmd sniiaseboo Aot fhectamnpairyssesribs0enachbage of the con-
== ﬂ“ ﬁ:i_ i{ E’[
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dohsers is to be calculhted accordinzly.
Discharge of the DC condenser pmxxmxm in one period:
Qg = 0.05 4 .0.02 8 = 0.001 As
Upax
n = 470 kV
Mix 1) Q= EXXR C Up,,
2) Q' =¢C Unin
3) Qg ®Q -~ Q' = 0,001 As

= 500 kV

1) ¢e=QU _  2.) c=Q'/ﬁmi

1,2) Upiy/ Umax = Q'/Q = 470/500
Q! = Q (470/500 )
3.) Q - @ (470/500) = 0.001
(30/500) Q = 0.001
Q = 0.0167 Coulomb
+1,) C= 9,/Um) - 0.0167 / 500000
o A r'n'mT
C= 0,033 ,{ = 33,000‘ ’!\ CL = Cg

The D8 flows through both condensers; thus both condensers are given the same
ecapacitance.

3,3.) Calculating the DC voltage under load,

In one valve array, 20 spark gaps of 1 mm each are connected in series at the
instant of ignition, so that the ignition 'voltaga of the mechanical rectifier is about
70 kV max

The magnitude of the load angle or contact angle is determined not only by the
diamster of the balls, but also by the length of the are between the balls. Filgure 3
shows arc characteristics , with various arc lengths as parameter, It is seen that
the arc becomes unstable even at short lengths, with the current of 0.5 A whiqh goq]:d
be used in prectice. If the delonization, caused by the rapid movement of the "Mi
ba.'l.]."; is also considered, it cannot hs expected that the length of the arc will be
greater than 1 cm. The arc length of 1 em c;or:{esponds to a pat.h of 3 cm of the rolling

2 e im

ball, at a ball diambter of 50 mm. &:suming A path of the ballMﬁia.mete:; G,

the contact angle is calculated as:
Approved For Release 2002/01/16 : CIA-RDP83-00415R . -
pp 6; ¢ 195@@@?0020008 2
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(2971)/2 = 145.5 cm = 360° e1.
-3
3 em = (360 x 3)/ 15,5 = 24° el.=1.33x10 s,

The test transformer has a stray inductance of
eg = 5.1% -
WL = (e, 12)/ §] x 1072 (5.1 x 500%)/0,25] x 102 = 51,000 ohm s
L = 51,000 /31, = 162 Henrys,
In order to avoid oscilla.fions and mmxxm overvoltage, the mix load cireuit must
be damped apericdicdlly, —— \
- modhoc R = 2‘173 =@ (3:107%) = 140,000 .ohms
The charge of the condenser is calculated for the highest possible condenser volt-
age. The following conditions must applv in order to cause ignition in the rectifier:

Ureax = Vo, 20 = 70 Kipay

By means of a retai-y regulator,the iggition point is set in such a way that the center
of the contact angle and the peak of the transformer voltage will coincide. The trans— .
former voltage will then change only little within the range of the contact angle. An
approximate caleulation can bs carried out on the assumption that the condenser is
being charged by a constant DC voltage through an ohmic rcsistancax and a choke. Figure
L shows the charging of a condenser through choke and resistance in a circuit with
preponderant capacitance ( Wallot 1944). The chargr’} current increases with the time
constant & T = L/R. The maximmn of the current curve lies at the point where the
voltage curve turns, The t.une constnt 7, = R C determines the decrease o&e charg Sl
current and the increase % condenser voltage. The peak value of the current,
calculated from voltage and resistance, is not roachec}é, because the condenser voltage

s

has increased in the mesntime, An exact calculation, using differential equations or
Curye

pointwise differentiation is a very timemcnauming process. The ke of current and

r* [ ﬁ? af

voltage is thus constructed by means or the time constant, We can thus assume that, the
theoretical peak value of the current is reached, $SZ85%, -
The charging process is shown in Flgure 5. At first, only the charge of the DC
condenser by the transformer voltage will be considered.
Time constants:

T2 1/R = 162/ 140,000 = 1.15 na = (5% x 0.00115)/0.02 = 26° o1,
Approved For Release 2002/01/16 : CIA-RDP83-00415R004400020008-2
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7:’2 = R C= 140,000 x 33 x 107 = 4.6 ms =(360 x 0,0046)/0.02 = 83%1.
Peak value of x charging current:
Jy, = 70,000 v/ 140,000 = 0.5 A

Jp= 0.8 x i =0.4 A

’Ul must be drawn in for the full charging current J = 6.5 A and ’t:2 for the driving

volbége of 70 kV ( Figure 5).
| The charging current encloses an area of F = 108 mm?,

The scales are as follows:
Abscissa: 12 cm = 360° el = 0,02 sec
1 mm = 1,666 x 1074 sec
Ordinate : 1 mm = 0.02 A
Charge supplied to condenser: _
= 108 m x 0,02 A/mm x 1.666 x 107% s/mm = 3.6 x 1074 As.
The voltage of theécondegier is theweb; increased by
CL=-Q/c:=63’(’53.‘3:“'5:L(%o“*‘_"109::10" = 10,900 V
The DG volkage always fluctuates between O™ 174 KV and Upax = 185 kV with a DC
.delivery of
Q=3.6x 1074 As per period or
g = Q/t = 3.6 x 107%/0,02 = 18 m
The DC is very low. Acthbally, it is probably still lower than that. In charging
with AC voltage, the‘» phase displacenent has an effect, so that the current maximuam
will occur later than as chkdculated on the basis of BC voltage.
It must also be considered that the transformer voltage will be added to the

’ ‘fa e oW be/ g
the charge condenser when the DC condenser is’\charged. Since the

eharging process for both condensers is the same, the voltage oB the DC condensef will
increase to twice that of the charge condenser. Two vodtage scales are shown in Figure
5 for this purpose, The DC voltage will thus be 360 kV with 18 mA DC load.

If the DC load is less than 18 zziA, the voltage will remain the .aame. The ripple'

frequency, herwever » will change. After charging, under low load, the condensex; voltage

15 ¥rached,

/does not decreaselm until the next half-wave in equal phase taspesch the

down 1o

i ‘{
Aignition voltage. @ Ignition takes place only at a later period.

s e
e

If the DC load increases sbove 18 mA, the charge lags behind the draining of power,

e at equi The charge can be
The DG voltage < dr%%‘é’daﬁg? LD P08 1 P T B8 2RO 53T R 004400020008 2

= SECREF
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calculated for various minimum condenser voltages,
. . -
The transformer voltage is assumed to be constant and will remain at Up = 244 kV

at the instmat of ignitien. From Figure 5 it can be deduced that the charge can be

calculated as a triangle

3

L] A A -
l‘.li'x%- 1,1 x J' x 1.33 x 10
Q= 3 P As

The calculation is shown in the table below. The results are shown in Figure 6,
Up to the ctitfical load of 18 mA, the DC voltage remains constant,
fo Such.awm etjewn i
At higher loads, the DC voltage cecreases mnglyf\ that transformer control
cannot compensate for it, This DC device miik is thus suitable only for loads below

18 mA. Because of its low output, 6.5 kW, it cannot be used for coronma measureiaents.

V;’Lllard Circuit with a Transformer:

chmin ip= I = Q= Jg=
(Up-Ugg) /R Jp, x 0.8 1.1x JyxiX Q/0.02
2 . .
kY A A As _ma
" 1. 174 0.5 0.4 0.365 x 107> "18.2
2. 10 0.74) 0.595 0.543 x 107 27.1
3. 110 0.957 0.7%5 0.7 x 1073 35.0
b g 117 0935  0.855 x 10-° 12.7
5. 50  1.39 1.11 1.02 x 10'3 51,0 i}
Uor™ Q/C chavf chmin+ i’UCT, Ug = 2863“' - ngf I Vg
’ A" ] ] W
1. 11,000 179.5 359 | 6,530
2, 16,500 148.25 296 8,000
3. 21,200 120.6 a1 8,430
b 26,000 93.0 186 7,950
5. 31,000 65.5 131 6,690

SECRET
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4, ¥, The Villard Circuit with Ball Rectifier

and with threo Pamllol Tra.ns:fomrs

-

e e wﬁ

Since there are three test transformers available @obvious X&%ry.to increase
the DC output without changing the design of the rectﬂi:;';b{;érzfyféo p-nnectg the
transrormers in parallol.
This circuit has the following advantages over a circuit using only one trans—
former:
1. Inductance and charging resistance are reduced to one-third
2. Tl;m charging current attains three times the value of thé peak current
3, The higher charging current allows lengthening of the arc and thus makes possible
a gréater contact angle. %;u—’
The disadvantage of this circuit lies in the danger of burning out PI\ contacts due to
the high charging current.

= - = [+ .
Time constants: ”Cl 73 = L/3 1.15 ms = 20° el

T, =RC=1/3x 140,000 x 33 x 10~% = 1.54 ms = (360 x 0.00154)/0.02 = 28° el.
Con;tact angle: By means of Figure 2, the length of thov arc is estimated at 2 cm. The
nieng ball covers a path' of 48 mm.

ok =(360 x 4.8 em) / 45.5 em = 38° o1 = 12 mn

o< =(0.02 x 38)/360 = 2.11 x 10~ &

The charge is computed;as above, for the maximum DC at the same transformer
voltage.

Ignition voltage: Uz = 70 kV
Transformer voltage at instant of ginition: Upz = 238 kV

The charging ~voltage is no longer constant, since the contact angte has been in-

creased. Therefore, the calculation is not made on the basis of the voltage at the in-

stant of ignition, but rather on the basis of the average taken from the charging volt-—

age at the instant of ignition and the peak point of the transformer voltage, thus:
23 (Up, ~Ug )+ (Up =T )
L L gmin b Ce

min
Peak value of the charging current: JL = UL/ R
R = 140,000 / 3 = 46,660 ohm.

The charging process is shown in Figure 6. Since the time constants wz have

Approved For Release 2002/01/1'9‘.‘CIA-RDP83-§%§1\T?O4400020008-2
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decreased considerably, the charging current drops within the ra.ﬁge of the contact
amgle. A further increase of the charging angle thus would not ummk increase the charge
te any marked degree. The area enclosed by the charging current in Figure 7 is appeexi-
mately of thé same size as the triangle formed by the charging angle as base line and
the theoretical peak vslue af the charging cureent as hbight. The charge is thus
computed as:
Q = (I X )/2.
The chargig:%urrent calculated in the table below is plotted in Figure 7 for the

cviTv € Vu“(‘m}v‘
maximum DC, The evurse of @w DC under lead is shown in Figure 8.
: M e e
it
Up to a load of*BS mA, the DCjt‘rema_ins constant. If the load is increased by LO%
o\ Yugt }

}
to 120 mA, the DCI:drops 40 KV or 10%. This voltage drop can be compesnsated for by
means of the tranSformer control, Under a 140 mA load, the reduced charging current
reaches the peak value of 2.1 A, or 0.7 A per transformer, Since the transformers are

designed for 0.5 Ay the device can be loaded with a DC of 140 mA.

££?

It remains now to be investigatec{, whether or not the high charging current will
cause burning out of the cont;acts. A;‘;;;har disadvantage of this circuit lies in the
fact that three parallel transformers will permit the setting up only of a single-phase
DC measuring apparatus. The high charge by three transformers causes a strong ripple,
amounting to 5é2 kV under critical load. Calculated on the basis of effective values,
thE;ﬁppleve it -+ f%@ will be:

(52 x 100)/388 = 13,4,%/

If the Villard circuit were to be used, it would have to be determined whether or

not a sufficlent DC output €an be attained using one transformer and a contact angle

which has been increased by redesigning.

Villard Circuit with Three Transformers

chmin U = 3(Upy - chmir)-P Jy, = U /R Jr = 0.8 Jp
(uT - chmin)
KV kV A _A
1. 168 76 1,63 1.3
2. 150 94 ' 2,01 1.61
3. 135 109 ' 2.34 1.87
Le 120 Approved For Reld®de 2002/01/16 : CIA-RDP83-00485R604400020008-2  2+1°7
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Q= Ig = U™ Ugpy.” Uy Ng =
(3 00) Q/0.02 ar e, ;-»%UCL 2ucgav. Ug Jg
As mA v KV KV L _
1. 1.72x107 86 52,000 194 388 33, 4,00
2, 2.12x10° 106 61,000 182 361 38,600
3. 2.47%10 2 123.5 75,000 172.5 345 12,600
he 2.8 x10° o 85,000  162.5 325 15,500

Jr.)ﬂ’; ‘I'he Greinacher Circuit with Grounding on one Side Jwith

~Increased Comtact Angle
.9y
The Greinacher circgitf with grounding on one side, also Houbles the voltage.
However, the center of the condensers can also be grounded. Then the circuilk consists

of two half-wave circuits supplied by one transformer. A positive and a negative line

»”

with a peak voltage of * 700 kéﬂ:;:;_z;? éround can thus be w from one trans-

former. However, in this case, the mechanical rectifier would have to be set up at an

insulated 1ocation and the synchronous motor would have to be supplied through a:
(insulat@ co:verter for the full DC voltage against ground -

‘If the conterm@ the condense is groundesd, each of the two DC voltages will have
A one o ;{3 Fad tEminals
a single-phase ripple. If ' s V :kie&, of the condensers,a% xxd grounded, the DC

voltage will have a two-phase ripple, and the pectifier can be grounded. The amplitude
of the superimposed AC voltages will zlso decrease, becausiuétgrzc rg?;xg of ,{ifcon_
denser takes place during each half-wave. It thus seems more prgacticable to set up
two devices with two transformers and to ground them omit one side.
We shall investigate a deviee with unuym-htrical groundiﬁg on one sidex by mathe-
matical means.
Like in the Villard circuit, the no-lcad peak wvalue of the DC voltage is:
U = 22 Ureps = 500 k¥
Uy = 500/(22) » 177 KVypp = 250 kV___

5.1, Dimensionih_g of the econdensers
At half the DC voltage, each condenser must supply the full DC. Each cordenser is

charged once per period.
Fat

The capacitance of g Partid
(r
Approved For Release 2002/01/16 : CIA-RDP83-00415R004400020008-2
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‘for the DC condemser of the Villard circuit.
(3g = 20 =2x 33 x 10-9 Pzrad.
98/2 = Uc = 250 kV.

5,2. Caloulation of the charge.

When undamped, the resonance frequeney of the ciremit is .
W, =1/\Yic =1/ 262 x3.3x 1078) =435

£, = W/(20T) = 69 ops.
The damping resistance is calenlated for thé aperiodic limiting case:

Ry =2\{1/c = 2%62/(3 0% = 140,000 ohms.

i ' Ratio between frequency of AC circuit and of undamped circuit:
O = WSl = 3L4/435 = 50/69 = 0,722
52 = 0,522

The instantaneous value of the AC is given by the gquation:

2
i) 5 x
v’ “‘E x ——(ft-ii {sin (w,t+ ) "KA"'“’ﬁo(t - tg) §78"' ,"0‘( v - t’z)} '

Calculétion of the constants:
97 = arc tan %(l/x ~-%) =arc tan 3( 1/0.722 -0, 722) = arc tan 0.3315 = arc tan 189207
. =0,32

The kknition point is chesen as:
= 60° = (0.02 x 60)/360 = 0.00333 s
A = sin(w,t;+ ) = sin (314 x 0.00333 $0.32) = sin 78.5° = 0.98
p =0/ ﬁ,v = 70,000/250,000 = 0.28
= sin (w,J;z) - p=sin1.05 - 0228 = 0,587
= 1/5 x us(w,\,tz-f-y)-rp—-i— 1/8x sin( w t,+9 =
(1/0.522) x 0,199 + 0.587 F (1+ 0.522)/0. 52_7(1/0.722) 0.98 = 0.736
wL = 314 x 162 = 51,000 ohm-.. ' |
1N=V; (UNE/MO [ &/a+3%) {sin(wm t+9) - [adw (b - t,)a E-(mo(t-t,) 5}1}
* | #9dé '
‘-(250 000/51, ooo) (0.522/1. 522)£ sin(31l4 t40.321 ~ 0.98 + 3lh(t-o.00333)o.736 x
E - ;35(*.-0.003339}
1, =(1.68 sin 314 t+0.32) - 0.98 + 231(£-0.00333)~ 435(t-0.00333)

(Note Thesﬁpfnmelhﬁgrméademmhbl&rMDPMﬂQR@Oﬁmm-QWON or

- omissions) - 12 —— v SE(RE'{
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The charging current was calculatec according to the above formula. The results

are shown in thé table below. For purposes of abbreviation, the following terms

of the formula have been replaced by lstter symbols:

(314 t+0.

R2)=a

(t - 0.00333) = b

0.98+231 b xE 4P P ap

Using those abbreviations, the formula for the charging current is

i=1.68 ( sina -4)

~13-

SECRET

Time t in degrees 72 90 108 126 144

time t in seeands  0.004 0,005 _ 0.006 04007_ 0.008

314 & 1.258  1.570  1.888 2.200 2,515

314 t+ 0.32 = a 1.578  1.850 2,208 2,520 2.835

3L t+0.32=a  90.5 .108.2  126.5 1hkse3 162.3

sina 1.0 0,950 _0,8039 0.5835 0, 30L0

TX $-0,00333 = b 0,00067 _0,00157 _ 0,00267 0.00367 0,00467
ﬁ 231b 0.155 0,38  0.6165 0.84858 1.08
0,98+231 b 1,135 1.366 1.5965 1,8285 2,06

435 b R 0.2915 0,727 1161 1.596 2.030

435 b log /[ 2/ 0.1265  0.3155  0.5045 0.6945 0.8815

4350 | 1.338 2,065  3.197 5,925 7.60

- 435D 0.758  0.48L5 0,313 0,203 0.1316

0.98 + 231 b > P =p 0,85 0,661 0.5 0,371 0.271

sin a - A 0.15 0.289  0.304 0,2125 0.033

i =1.68(sina - A) 0.252  0.48 0,511 03357 0.0555

gﬁ 103 Are;%ES) ‘Are;x,lzotal 10 _2 ie
Degrees Sec | _ - R —

60 P 0 0 0 0 |

75 15 0.834 150 150 125
90 2 1.668 380 530 hh3
105 45 2.5 5L 1084 en
120 60 3.334 489 1533 1280
135  Approyed For Release 2002/44416 CIA-RDP$500415R0044(D%9008-2 1560
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UCL Ucmin -+ UCL
v v
0 146000
3785 - 149785
13400 159400
261,00 172400
38800 184,800
L7250 . 193250

Figure 11 shows that the contact angle is favorable between 60° and 135%,At
ignition before 60°, the mimimmm condenser voltage decreases too mmch with reppect
to the peak value of the transformer voltage, due to the high ignition voltage,
so that the blécking voltage is increased. At an extinction point later than ‘135°
there is danger of arcback, If the DC load is below the critical value, the ignition
voltage is not reached. Toward the end of the contact angle, however, the condenser
voltsge may be higher byv the amount of the ignitien voltage than the transformer
voltage, if the contact angle is too jarge. In that case, the condenser will dis-
charge through the trensformer,

For purposes of comparison with the simplified method used above, the charging
currend is to be caleulated also for a given DC by means of the time constants.

Yy =L/R = 115 ms = 20° 1

U = BC = 46 ms = 83° el

In the Villard circuit with one tiransformer, the contact amgle was onlyO(= 24°,
In this region, the voltage hardly 'changes , S0 that the figure for the igpition
voltage can be assumed to be that for the charging voltage.

In the Villard circuit with three transformers) the charging angle was && 38°e1,
8o that the instantaneous valﬁes of the voltage show much more marked differences,

The calculation therefore employex the average valu;}i:a.ken from the voltage at the
As o check, ~

instant of ignition and at the peak point. Fo¥ -purposés el o

this method is

also employed here,
U, = (70 +104)/2 = 87 k¥
Jp = 87/140 = 0.62 A

IL1 = RoBrdye& For’Rélease 2002/01/16 : cm&o%s-‘d’&%moozooos-z
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s ,{M » Ze “ 2 enf*an",
The actual value is 0.52 A. The aceuracy is sufficient miﬁpg;mlpal, sonobyhee

cwj.dera:tion.

In the Villard circulty with three transformers, the charge was computed by
means of the triangle as:

Q= &( 31, )

Because of the large contact angle, the value obtained here by this method is too
low: .

Q=4 (?L«x) = ( 0.62 x L.165 x 1077)/2 = 1.29 x 107 As

The calculation is more exact if the reduced charging current Jp of 87fpxx is

’ ‘ used as the height and the summ of the time constants as the base. '
L (A +32) 0.54(1.15%4.6) x 10 3

Qs

Q= 1.55 x 107 As 5
g 3555 T moov.

Thus, the values’ for charge and voltage are the same as those obtained by the
exact calculatioh method. The voltage curve is caleulated xxxxx by the simplified
method. The values of the table below are shown in Figure 12,

Tﬁe Greinacher cireult can be loaded up to 75 mA without voltage drop. Above
that load, the voltage drops at a rate of 1.6 kV -per mA. The circuit can be loaded
up to 100 mA. At 75 mA, the ripple is of the two-phase kind, i.e.v f = 100 cps with
a voltage flac‘buatioﬁ of L7 kV for one condeﬁsen.

This doeks not take into accounti;he 1:a.c;.' t::it dis"targe will c?nse the voltage
on both éon?en;e¥s °%¢d§%$%ig pe gzigﬁ 1@\&1 ccntact angle of 75° the voltago
v.11 drép by (L7 x 759)/360° = 9 8 kV. The'voltage. sum 'at 75° thus drops by 2x 9.8
or 19.6 kV, .

This gives an approximate effective value of 19.6/ (2“;) = 6,93 or approx. 7 kV,

Calculating on the basis of 400 kV, we obtain a ripple of 1.75%. Thus ; smoothing
oj.' the DC can be dispensed with.

Approved For Release 2002/01/16 :-CJIZ'-'RDP83-004ﬁE((RAE?OZOOOB-Z
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Greinacher Circuit

L = 30,0 )+ (U= Ugpg) f=u/m 1 =0.87xi
KV KV A A
1. 146 3(70 <0L) = &7 C0.62 0.54
2. 130 4(86+120) =103 0.736 0.64
3. 115 3(101-135) =118 0.842 0.732
Lo 100 1(116+150) =133 - 0495 0.826
Q= % 11, (Ji+J2) 1g = A/0.02 T = /¢ Ty = Ucm@u Ug=2 Ugg,
As m kY kY KV
1. 1.552 x 1073 77.6 57.0 169.5 339
2, e, x107° 9 55,7 158 316
3 2,102 x 10 105.1 63.7 147 291,
L. 2.375 x 1072 118.75 71.9 136 272
Ng =g Ug
1.  26.3
2.  29.1
3. 30,9
ke 32.3

6. The Thme-Phase Bridge Circuit with Three

e i e pa———_ g

Ball Rectif:.ers

b s . e s

Like the Villard circuit and the Greinacher ecircuit, the bridge circuit (Fig.

13) also doublesthe transformer voltage, Each pha.se carries current for 120° el.

:Ln each half-period, so that the transformer ?\best utilized in this circuit.

In copparison with the other circuits, this one is capably of carrying the highest

load. The ripple of the DC is six-phase, so that smo®thing is greatly facilitated]

However, the amplitudes of the harmonics are great because the rectifier has a

high ignition voltage which t? full effect without the inclusion of a eharging

condenser in the circuit. The DC must therefore be smoothed urder any conditions.

Approved For Release 2002/01/16 —(13?- RDP83-00415R004400020008-2
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A
A disadvantage 18 fact that the eircuit requirea three transformers. ‘Therefore

golav'lty 14 twina
onlyésingle—m‘ DC can be produced. One DC p:?‘ must be grounded. If the grounding

is symmetrical with Xkim respect to the BC voltage, 1.e. 1f the star point of the
transformer is grounded, the rectifiers must not be 5rour‘1'ded. The synchepnous motors
would have to bes supplied througp three separate !m converte&s which would
- have to be pxmwwded insulated against ground few t.he peak value of ths DC voltage.

The large contact angle of 120° el. for the mechanical rectifiers is an un-
favorable design feature. (

The curves of the potentials of the switching peints are shown in Figure 13,
As with all eircuits, they are based on a transformer voltage of U = 250 kv
The ignition voltage of 70 kV increasss the ripple which shows a voltage difference
of 90 kV. 'Therefore, smoothing is required. The DC voltage has a mean value of
Usm = 410 kV. The sscondary phase current of the transformer is calculated as

Jip =0.816 g g
The permissible DC is thus:
-JII/O 816 = 0.5/0.816 = 0.612 A -

In the bridge circuit, the rated output [@@@e” . ./ of the transformer
is only N, = 1.05 N. Accordingly, the DC load cah be increased to 250/1.05 = 238 kW.
The blocking voltage of the valve arreys, at a DC voltage of 410 kV , must be
U, sp "~ 2.48 Up = 433 kV.
6,1. Smoothing of the Voltage in Three-phase Bridge Circuit

F\a\v\éuvm-f\\ 0\{
frequency of the EN AC voktage superimposed on the DC voltage, according

to Figure 13 : £ = 300 cps

Peak value of the DC voltage: Umaxz 430 kV

Lowest instantaneous value of the DC voltage: U [ 340 kV

Estimated effective value of the fundamental wave: U = (430 -340) / 2V2 = 31,8 ky

or, roughly, U= 30 kv, offs X0 cps.

In order to avoid setting up an oscillating circuit made up of choke and con-
donser, the voltage smoothing is to be attempted by msans of an ohmic resistance and
a conémer.

Figure @ ,\shows the equivalent circuit diagram, The permissible voltage drop on
the resistance, at a DC xui: dak load of 50 mA, is |
Approved Yoy BeRshse 808%401/16 : cia-rops3-0o43dialidbo20008 2
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Hagniﬁude ﬂof the smoothing resistance:
é 8000/0.05 = 160,000 ohm:
sppe pﬁsed
The xﬁx fundamental wave, mmm is to be reduced to an
- offective value of 2% of the DC vbatage:
U" 8000 Varr -
AC voltage on the smoothing resistance:
Uy =V 30°-€% = 29,000 V.
Aé in the smoothing resistance:
Jy = 29,000 v/ 160,000 = 0.1€1 A
Capacitance of the smoothing condenser:
C=J, /- (Wwuy) = 0,181 /( 237x 300 x 800) = 12 ooo~mmfd
- -e the smoothing resissence:
Ny = 3% x R = 0,05° x 160,000 = 400 W
N, =J,% x R =0,1812 x 160,000 = 5250 W
N, *g= @50 5650 W.

Power én::; alfed n
The werk fo b performed g.;\ the resistence is too high for air cooling.The

auperimposed AC, of 0,181 A, with a rated transformer current of 0.54 s1s also quite
high. If the smoothing resistance is increased, the voltage drop due to the DC be- _
comes ﬂndesirablj large. It thus seems more practica.bla to effect the smoothing by
means of a choke and a condenser connacted in series.
As above, the DC voltage is to be smoothéd to a 2% ripple. The superimposed
AC should not be greater than Jw = 0.054, because of the transformer load.
D_apacitance of the smoothing condenser :
C= Jy/( Uy Uw) = 0.05/(8000 x 237 x 300) = 3:;20m~m £4,
Sinee the condenser can be given larger dimensions at little extra cost, its
capncitance was chosen as 5,000 Mwmfd,
Voltage on the condenser:
Us = dyw/UXx = 0.05/ ( 247 300 x 5 x 10'9) = 5,300 V.
Voltage on the choke:
Up = Upy = UC, = 30,000 - 5,300 = 2L,700 V.
Inductance of the choke:
L = Up/(dy W) = 24,700/(0.05 x 2.’ ¥ 300) = 262 henry .

: -RDP 004400020008-2
Approved For Release 2002[@1/16 : CIA ‘w”’mr
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Damf{ n}
w resistance

In the process of swithhing on of the apparatts, i,e. during ignition of the
rectifier, the ysia’r"} inductances of two transformers and the smoothing choke are in
series,

L = 162 +162 4 262

L = 586 gps: !’H‘nvys .

Resistance for aperiodic damping : -

R=2 1/C = 21 586/(5x10~%) = 684,000 ohm¢, or, a;;prox. 700,000 ohm. .

A damping resistance of Ry = R/2 = 350,000 chm:is requireci for each transformer,

Voltags drop due to damping resistances: | o

Up=Jdgx2xHRy . !

L
ma Y

20 14,000

50 35,000
100 70,000

A The damping resistance becomes four times as great as the smoothing resistance.
It would thus be more practicable, after all, to increase the smoothing resistance
and to leave out the deamping resistances and the choke. /

"¥he new smoothing resistance was chosesk ﬁ R = 300,000 ohm. .

LC' voltage on the smoothing resistance, as above: Up = 29,000 V.

AC in the smoothing resistance: U, = 29,000/300,000 = 0.09_66 A.

Capacitance of the smoothing condenser: Cm Jy/ (uly) = 0.0966/( 251x 300 x 8000)

= 6410 mwLd .
Capacitance chosen: 10,000 mivifai.

owieY in
DC voltage drop and M the resistance:

J {ma) PR W) JR ;V)
10 0 3,000 4
30 270 9,000

50 750 15,000

7 1470 21,000

Approved For Release 2002/01/16 : CIA-RDP83-004§};ﬂm020008-2
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_7. The 8ingle-Phase Bridge Circuit with two

Ball Rectifiers and Increased Contact Angle Y
The principle of the s.’u:agle-—pha.»:ss bridge circuit is shown in Figure ﬁ The

potential curves are shown in Figure Jq\ The DC condenser is charged by the full
transformer voltage during each hali‘ period. The ripple of the DC is therefore two-
- phase. The transformer utilization ’\:'L;é high, so that a high DC load is possible,

The disadnmtage of this circuit lies in the necessity of setting up two sepa~-
rate rectifiers for one set. These rectifiers must run synchronocusly, displaced in
phase by 180°, The transformer cannot be grounded, g\}a{?&e in the Greinacher

* eircuit. The two lines increase the dimensions of the apparatus,

The theoretical peak value of the DC voltage is Ug = UT g—2 The blocking

~ voltage, however, is

Usp UT ffx 2'x“{_ Ctene

This is twice as high as the Dc genera.ted. The chargiug procoss resembles that

of the Greinacher cireuit. The contaot angle thus can also be set at 75% el.

' The calculation is the same as in the @ase of the Greimacher circuit.
7.1. Dimensi oning of the DC condenser.
Maxigmm DC: Jg = 0.05 A
Average DC voltage: U = LOO: kV
As before, the permissible voltage fluctuation is 30 kV.
Since this chhrging proeess covers 750, the discharge of the condenser takes place
in /3 = 180° - 75° = 105° ol. or
p= (0.01 x 105°) /180° = 0.00584 seconds.
. Discharge: _ \ )
Q, = 0.05 A x 0.00584 seconds = 2.9 leo-“’.ﬁ.s.
= 500 kV

Unax ’ , )
= 470 kV ’ .

Unin
1.) Q= C Upgyy
2.) Q =C Uyin

3.)Q,=Q-Q' =29 x107"

As.

1,2.) Q'= Q x 479/500 ( cf. above, Villard circuit)

3.) Q - @ x470/500 = 2.9 x 10+ As

ove or edse 2002/01/16 : CIA-RDP83- 00415RQ04490020008 2
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Q = 0.004314 Ceulomb
l.)¢c= Q/Upax = 0. ogz;sz;/ 500, ooo
¢=o. 00967)7¢; = 0. Olmf = 10,000 mme] -

7.2. Csdeulation of the load characteristic
Contact angle, like in the Greinacher circuit , = 75%el. = L.165 x lO-"‘3 sec,

Damping resistance:
/¢ = 2%162/107® = 250,000

Because of the small condenser, the damping resistance becomes very high,
L 17

Therefore, the peak value of the charging currentmlower than it would have

been on Hhe basis
“iéorat:[oy\of t.he transformer output. The condenser should therefore b

habC '
( dﬂmmmd@ twiee the calculat.ed capacitance,

C= 20,000‘mmf<} .

New damping resistance:

R= 2'-1:/?-= 2\{162/(2::10‘3)‘= 180,000 ohm s

A value twice that used for the Villard end Greinacher circuits must be used

for the transformer voltage.

Up = 500 kv

U, = kv .
. Ters ok

~N o

Time constants: -Jl = L/R = 162/180,000 = 0.9 ms = 167 e,
- : -8
J7 = RC = 180,000 x 2 x 10°° m 3.6 ms = 6,° 61,

Chargihg voltage: TI\& CaquiA;o'nw"—; ¥ rtzxnfi oo s im ip{f rovg e ¢7f
UL=%LTU'Z '"Ucmin)"’ ( U - 1 w7 g Gve:mo.ehfv eivewit

Uz = Up sin wt, = 500 x 0.866 = 434 kv

Ug-ucm‘n = 70 k¥

= 434 - 70 = 36} KV -

g
Cmin
U = %2 ( 70+136) = 103 kV

Charge:

<«

The calcuddtion of the condenssr charge is carried out according/‘the method used

for the Greinacher circuit,
Q= L1 €0, L RY/2
’s‘_L = U /R = 103/180 = 0.57 A

A
=08 g?oved k4O lease 2002/01/16 : CIA- Ropsa—ﬁ%ﬁgﬂoouooozooos 2
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Q=% /0,46 (0.9+3.6) 10"27 = 1.635 x 1072 As
With the largex charging angle of 75°, the discharge of the condenser due to
the corona current during the charging time eannét be negiected. For the sake of
pHolly, we shall ot Tipet sarry ont. the cplqulatign RS TN R
load during the charging time. ﬁf«tmw full load is taken-iwto
cengidersfinn. The correct condenser charge can be debbmined only by thah method.
ig-Q/t- (1.035 x10 )/001 103.5 mA
During the contact time the discharge is: _
Qg = ig = 103.5 x 103 x 4165 x 107 = 0.1;32 As

R Py

The condenser charge is by Qad m:gthan the charge Q supplied by the trans-

former, )
Qe =Q - Qx= (1.035 - 0.432) 107 As = 0.603 x 10~ 4s
The condenser voltage is increased by '
U = Q/C = ( 0.603 x 102)/( 2 x 10™0) = 30150 v
Ug = 30,000 V
The calculktion can be simplified. The dgcharge by the DC during the time of
contact is:
Qa = Q x /180
Actual charge of the condenser:
QC=Q-Q;,( = Q- &xK /180
Qe =Q (1 -:x/180)
Q =Qxo0.58,
Voltage increase of the condenser:

=(Qxo0.584) /C= (1.035 x 1773 x 0.58L) / (2 x 10'8) -30,000 v

. | ,
lease 2002/01/16 : CIA-RDP83-00 4400020008
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b

eritical load, i.e.

can be attained without a voltzge drop.
' i

load, the voltage drops at a rate of 0.8 kV per mA.

Figure I£ shows the DC voltage as a function of the

Singe-Phase Bridge Circuit‘
Uogmin UL = 3/ (uy -chmin)-:— (U, -chminl7= i = U/R
3834 g, )+ (500 - Uggy )7
¥ KV A
1. 361, 103 04572
2. 350 117 0.67
3. 335 132 0.757
320 147 0.841
I'=0.81; Q=3 (f+P)= 1.=Q/T Q= Ug =
‘ 2.25 x107 1 Q x0.584 Q,/C
‘ A As mA As v
1. 0.458 1.03 x10-3 103 0.6 30,000
2. 0.537 1.205 x 1073 120.5 0,704 35;200
3, 0,60, 1.36 x 1073 136 0,794 39,700
L. 0.673 1.515 x 107> 151.5 0.884 14,4200
LN
chav. = qu«;UCL Ny » 1, Ug‘"gav.
A Vol s kW
1. 379,000 39
2. 367,600 Lh.3
3. 354,850 48.3
he 341,100 51.7

!
Figure & shows the transformer voltage and the DC voltage on the condenser at
at maximum DC acrsbrack:chixe voltage and with the maximum DC which

load. At above-critical

The circuit can be loaded with

more than 100 mA. Thus the bBridge circuit is the most efficient of the eircuits

employing one transformer,

Approved For Release 2002/01l’[%zf‘ClA-RDP83-?3&‘6“?100020008-2
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4
\The a.dvantage of the hlgh load capacity of the circuit is canceled by the .

disadvantage of the necessity for a large amount of equipmard‘.. Two rectifiers must
Yo lv
be used. Each valve array mnst have # blocking voltage /\of 1000 KV max’ 28 compared

to 500 kV in the Grelnacher and the Villard circuits, . :

t4

\
8, Comparison of the Circuits Discussed Above

The table below gives a compilation ,‘? the circuits investigated @aﬂ
of the shet 1 important data,.;w' - .
The! greatest DC is supj)lied by the thme-phase bridge circuit. This eircuit is
~ the only one in which the dwx ripple rioes not depend on the loaa The ghree~phase
bridge circu:.t _however, cannot be used for the corona measuring apparatus, bacause
ib can generate only a single—ﬁn’,p D‘f voltage against ground, For corpm measurements s
a .,aut- D?}'v"o]i:age with grourded center is more appropriate, since not all ¢
chaige carrier; ;-.?-;;:’1) from the line to ground, but also from one line to the other. ‘
The single-phase bridge circuit is alse very efficient However, this circuit
ales does not warrant considaration, since itk requires two rectifiers with four
valve arrays and a blockini’\;o%ltagefof 1000 kV per valwe array. All other circuits
require a blocking voltageﬁof only 500 kV,

The Grelnacher and the Villard cirr—uits still remain ﬁo be' considered. The Srmiwuei

far

Greinacher cireuit suyplies a better DC veltage because a DC voltage condenser is
hgr Lade ] BeR half-period. The fundamental fre-

Lupo!emen’ m'}’ e
“supplied with a res charge C

quancy of. the superimposed AC voltage is twice as high and the amplitude only half
as great as in the Villard cirduit. No special smoothigg of the DC voltage is requii-ed
in the Greinacher circuit s since t‘he effeckive value of the fundamental wave at 75 mA
DC voltage is iny 3.9% of the DC voltage, The Greinacher circuit is also the cheapest
to build, |

It is therefore suggested that two 31ngle-phase sets on the principle of the
Greinacher circuit be “built for corona measurements. Each sotAconsisI?: of the follewing
Gomphnents: , )

1 tdsting transformer, 500 kV ( from the th1;ee—phase DC measuring set)

1 mechanic@i rectifier, blocking veltage 500 kVpax Per valve array, contact angle -

75%% el.’ |
1 damping resistor, 140 kilohm

2 condon@??§?"3§,'éﬁb%‘%‘!?ﬁ%azggflglfek CIA-RDP83- 00415?2%?20008-2
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Comparison of the Circuits
Villard cireuit with

1 transformer 3 transformers

No. or transfommers 1 .3
Trax;sformer peak voltage UT’ kv 250 250
DC pedk voltage, 2%?’: U, f= SOO 2‘2_01,6.&_& 50‘; .
DC voltage, mean value, Uh W 3o . 4 3%e
Amplitude of DC voltage ripple,kv 5.5 x5 26

DC vo ltage épgas:e)d on 400 kv, Z L4 A >6.5 i‘\_ﬂf
superimposed AC voltage, kv off 3.9 | 18.4

Superimposed AQ voltage based #n 40 kv, Z 1 ' bL.6

Superimposed AQ voltage, frequency 50 | 50

eritical D, Jsk 18 : 86
maximum DC, > Ygmays M 18 140
above—critical voltage drop, kv/m 7 . 1.2
No. of mechanical rectifiers 1 ‘ 1
Rectiifiep bhéoking voltage, kV 500 . 500 4ﬂ
Rectifier contact angle, %1, - 24 38 i
No. of DC condensers 2 2 |
Condenser voltage, kv 250 and 500 : 250 and 500 »
Condenser capacitance, mnaf,} 2 x 33,000 2 x 33,000
Ho. of damping resistances 1 3
Ohmie value of resistances : 140,000 3 x 140,000
Capacitance of smoothing condenser,w s} - - :
Ohmic value of smoothing . ‘T’”{% ﬁm’? | - - )
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Greinacher circuit Bridge circuit
o | single-phase three-phase -
»”ﬂf 3 1 3
[ 250 ' 2500 250
” QV;UTeﬁ. = 500 - L Uy s 500 29; Urges™ 423
| B 379 Thix 410
10 15 45
T 2.5 3.8 n
i‘ ) 5.5 10.6 31.8
| e | . 3.9 2.7 8
100 | 100 300
Vi 100 -
" 100 ‘ 160 600
1.6 . ’ 0.8 0.7
1 ' ' 2 3
500 1000 500
75 ' 75 120
2 1 -
2x 250 ‘ 500 -
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List of Tllustrations
Figure 1: Villard circuit, circuit diagram
| .Fﬂ:g_ufe 2: Villard circuit, Potez?tial and Current curves.
| Potential difference D/3 = DC voltage
Figure 3: Are curves accoerding to Oberdorfer, 1939.
Bogenla‘nge\ = length of arc
Strom = curreni':.
Brennspanzmng constant flw potential
Figure 4: Condenser chargingtéiﬂéhoke and resistance
Kordensatorspanming = cordenser voltage
Ladestrom = charging current
Zeit = time _
Figure 5: Villard circuit with one transformer . Condenser charging and DC voltage
Trafospanmung = transformer voltage |
Gleichspanmung = DC voltage
Ladestrom = charging currert
Strom = current ! §
Figure 6: Villardz eircuit with one transformer, DC voltage 28 function of load .
Gleichspanmung = DC voltage | -
Frequenziinderung = change in frequency
Gleichstrom = DC
Laistung = output
Aufladung = charge _
Figure 7: Villard circuit with three transformers; Condenser charge at max. DC v'éltgo
'Trafospannung = transformer voltage
Gleichspanmung = DC voltage
Ladeétrom = charging current
Strom = current
Figure‘ 8:‘Villard circuit with three transformers, DC voltage as function éf lcad,
Gleichspanmng = DY voltage
Freguenziimderung = Change ir frequency
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Leistung = output
Aufladung = charge
) G]Teichstrom = DC
Figure 9: Greinacher cireuit., Circuit diagram.
Figure 10: Greinacher circuit. Potential curves.
G-le_ichspanmmg bef Erdung von...= DC voltage with .,. grounded
Spanmang = voltage |
Figure-11: Greinacher circuit. Condenser charging.
Spanming = voltage
Strom = curx;enb
Berechneter Ladesbwem = calculated charging current
Masstab = scale ' '
Figure 12: Greinacher circuit, DC voltage as function of load,
Gleichspannung = DC voltage
Leistung = oubput
Aufladung = charge
Gleichstrom = DC
Figure 13: Three-phase ‘br:ldge circult. Circuit dlagram.
Figure 14. Three-phase bridge circuit. Potential curves.
ﬂeiehspammng = DC voltage
Spenmung = valbage
Z#ndepanmung = ignition voltage
Spannungen gegen den Stepnpunkt = potentials against star point ¥ . ;sf‘fif?azﬁ}
Fig. 15. : Voltage smoothigg in three-chase bridge circ;zit.
Figure 16: Single-phase bridge circ;aitq. Circuit diagram, |
Figure 17: Single-phase bridge circuit. Potential curves.
Spannung = voltage. '
Figure 18: Singhaé-phase bridge circuit. Condenser charging.
' Spanming = voltage
Trafiospanmng = transformer voltage
Gleichspanmng = Dé voltage
Fiéuro“ 19: Single-phase bridge circuit. DC voltage as function of lozd.
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Gleichspanmung = DC voltage
Leistung = output
Aufladung = charge
Gleichstrom = DC.

Handwritten pages: Errata. The text of the translation has been corrected accordingly.
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